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Two novel lignans, gymnothespirolignans A (1) and B (2), possessing a rare polycyclic spiro skeleton,
were isolated from the endemic plant of Gymnotheca involucrata Pei. Their structures were determined
by spectroscopic evidences and the absolute conﬁgurations were conﬁrmed by single crystal X-ray dif-
fraction analysis. Compounds 1 and 2 showed promising antiviral activities against RSV with an IC50
value of 31.87 and 17.51 lM, respectively.
 2014 Elsevier Ltd. All rights reserved.The Chinese endemic genus Gymnotheca (Saururaceae) com-
prising two species Gymnotheca chinensis Decne and Gymnotheca
involucrata Pei, distributed mainly in the southwestern of China.1
Plants of this genus have long been used as a traditional herbal
medicine to treat contusions and strains.2 In a previous investiga-
tion into G. chinensis, we isolated 27 new lignans belonging to the
dibenzocyclooctadiene, eupomatilone, eupodienone and norlignan
series.3 Some of these compounds have demonstrated potent cyto-
toxic activities. Aiming to identify structurally interesting and bio-
active metabolites from this endemic genus, we conducted an
intensive investigation into the constituents of the whole plants
of G. involucrata. Two novel polycyclic spiro lignans, gymnothespi-
rolignans A (1) and B (2), were isolated. This type of novel lignan
was ﬁrst isolated from plants as natural products. The new com-
pounds were tested for their cytotoxicity against laryngeal carci-
noma cell line (Hep-2) and inhibitory activity against the
respiratory syncytial virus (RSV) by means of the cytopathologic
effect (CPE) assay. We herein present their isolation and structure
elucidation of gymnothespirolignans A (1) and B (2).O
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Gymnothespirolignan A (1)4 was obtained as colorless crystals
(MeOH). Its molecular formula, C23H26O7, was established by
HR-ESI-MS ([M+Na]+ at m/z 437.1572, calcd 437.1565), which
requires 11 degrees of unsaturation. The 1H, 13C NMR (Table 1),
and HSQC spectra of 1 showed 23 carbon resonances due to two
methyls [dH 1.10 (3H, d, J = 6.3 Hz), 0.51 (3H, d, J = 6.9 Hz); dC
14.7, 12.5], one oxygenated methylene [dH 4.27 (1H, t, J = 7.6 Hz),
3.72 (1H, dd, J = 10.5, 7.6 Hz); dC 75.2], two methines [dH 2.60
(1H, m), 2.35 (1H, m); dC 48.5, 41.6], one quaternary carbon (dC
95.7), one methylenedioxy group [dH 6.01 (2H, d, J = 6.1 Hz); dC
102.2], four methoxyls [dH 4.11, 3.91, 3.88, 3.81 (each 3H, s); dC
61.6, 60.9, 59.9, 56.4], and two aromatic ring moieties [dH 7.29
(1H, s), 6.62 (1H, s); dC 155.5, 151.1, 149.8, 144.4, 142.3, 139.9,
137.1, 136.0, 133.5, 125.1, 103.5, 101.4]. The 1H–1H COSY (Fig. 1)
1Figure 2. X-ray crystal structu
Table 1
1H and 13C NMR data of 1 and 2 in acetone-d6 (d in ppm, J in Hz)a
No. 1 2
dH dC dH dC
2 4.27 t (7.6) 75.2 4.40 dd (8.2, 6.5) 75.9
3.72 dd (10.5, 7.6) 3.85 dd (8.2, 4.5)
3 2.35 m 41.6 2.73 m 38.3
4 2.60 m 48.5 3.12 m 44.0
5 95.7 95.7
6 144.4 143.9
7 6.62 s 101.4 6.69 s 102.1
8 137.1 137.0
9 149.8 149.6
10 139.9 139.9
11 125.1 125.1
12 136.0 135.5
13 7.29 s 103.5 7.30 s 103.5
14 142.3 142.2
15 155.5 155.4
16 151.1 150.7
17 133.5 135.4
18 1.10 d (6.3) 14.7 1.16 d (7.3) 14.5
19 0.51 d (6.9) 12.5 0.59 d (7.6) 12.8
20 6.01 d (6.1) 102.2 6.02 d (9.2) 102.3
21 4.11 s 59.9 4.11 s 59.9
22 3.81 s 60.9 3.80 s 60.9
23 3.88 s 56.4 3.87 s 56.3
24 3.91 s 61.6 3.91 s 61.5
a 1H NMR spectrum was recorded at 400 MHz and 13C NMR spectrum at
100 MHz.
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Figure 1. 2D NMR correlations of 1.
Figure 3. Key NOESY correlations of 2.
5950 S.-J. Xiao et al. / Tetrahedron Letters 55 (2014) 5949–5951revealed a fragment of OCH2CH(CH3)CH(CH3). The tetrahydrofuran
ring was established according to the HMBC correlations of H-4
and H-2 to C-5. The methylenedioxy group was assigned by the
HMBC correlations of OCH2O to C-8 and C-9, as well as H-7 to
C-8 and C-9. Similarly, a methoxyl group at C-10 was also assigned.
The correlations of 14-OMe to C-14, 15-OMe to C-15, 16-OMe to
C-16, and H-13 to C-14 and C-15 positioned the three methoxyl
groups to C-14, C-15, and C-16, respectively. The connection of
C-11 (ring A) to C-12 (ring B) was established by the analyses of
HMBC correlations of H-7 to C-11 and H-13 to C-11 and C-17.
The connection between rings A and C was achieved by HMBC
correlations of H-7 to C-5 and H-4 to C-6. The connection of C-17
(ring B) to C-5 (ring C) was deduced based on HMBC correlation
of H-4 to C-17.
The stereochemistry of different substituent groups on the ring
C was designated using a NOESY experiment (Fig. 1). The cross-
peaks of H-3/Me-19, H-7/Me-19, and H-3/H-7 indicated that H-3,2
re of compounds 1 and 2.
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Scheme 1. Proposed biogenetic pathways for 1 and 2.
S.-J. Xiao et al. / Tetrahedron Letters 55 (2014) 5949–5951 5951H-7, and Me-19 were cofacial. Likewise, H-4 and Me-18 should be
cofacial. Single crystals of 1 were obtained and subjected to an
X-ray diffraction experiment using mirror Cu Ka radiation
(Fig. 2). The absolute conﬁguration was ﬁnally determined to be
3S, 4S, and 5R by Flack absolute structure parameter 0.10(15)
(CCDC 1000115). Therefore, compound 1 was established and
named gymnothespirolignan A.
Gymnothespirolignan B (2)5 had the same molecular formula of
C23H26O7 as 1 by HR-ESI-MS. The 1H, 13C NMR (Table 1) and HMBC
spectra indicated that it was a diastereoisomer of 1. By comparing
the 13C NMR spectra with those of 1, the chemical shift of C-3
was shifted (Dd = 3.3), and the chemical shift of C-4 was shifted
(Dd = 4.5). Similarly, the signals of C-2 (dC 75.9), C-6 (dC 143.9),
and C-17 (dC 135.4) were shifted (Dd = +0.7, 0.5, and +1.9, respec-
tively). This indicated that epimerization occurred in the molecule.
Correlations observed in the NOESY spectrum (Fig. 3) of H-7/Me-18,
H-7/Me-19, and Me-18/Me-19 suggested that Me-18, Me-19, and
H-7 existed in the same face of the molecule. Single crystals of 2
were obtained and subjected to an X-ray diffraction experiment
using mirror Cu Ka radiation (Fig. 2). The absolute conﬁguration
was ﬁnally determined to be 3S, 4R, and 5S by Flack absolute struc-
ture parameter 0.10(2) (CCDC 1000116). Accordingly, compound 2
was established and named gymnothespirolignan B.
Lignans have been previously isolated as the main constituents
in genus Gymnotheca, but compounds 1 and 2 possessing unique
polycyclic spiro skeleton were isolated from this genus for the ﬁrst
time.6 The biosynthetic precursors are proposed to be dib-
enzocyclooctadiene lignans, which are abundant in genus Gymnot-
heca. The possible biogenetic pathways of compounds 1 and 2were
proposed in Scheme 1. As shown, dibenzocyclooctadienediones
underwent protonation and a or b nucleophilic addition to give
intermediates i and ii,7 which further went through rearrangement
and hydrogenation to obtain 1 and 2, respectively.
All compounds were tested for anti-RSV activity using antiviral-
based cytopathic effect (CPE) assay8 on Hep-2 cells. Compounds 1
and 2 demonstrated promising anti-RSV activities with IC50 values
of 31.87 and 17.51 lM, respectively. In addition, all of the com-
pounds did not show inhibitory activity against Hep-2 cells under
the same condition in CPE assays. The Hep-2 cell viability rates are
more than 99% at 50 lM compound treatment in CKK8 assays.Acknowledgments
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